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ERLOHUV SUHVVXUH SLSLQJ DQG WXUELQH FRPSRQHQWV LQ SRZHU SODQWV DUH VXEMHFWHG WR ORZ F\FOH ORDGLQJ XQGHU KLJK
WHPSHUDWXUHGXULQJFRQWLQXLQJVHUYLFH7KHZKROHRSHUDWLQJF\FOHRIWKHVHFRPSRQHQWVJHQHUDOO\LQFOXGHVDVWDUWXS
SKDVHKLJK WHPSHUDWXUHRSHUDWLRQXQGHU VXVWDLQHG ORDG DQG HYHQWXDOO\ VKXWGRZQSKDVH7KHUHIRUH FUHHSIDWLJXH
GDPDJHKDVEHHQEHFRPHDVLJQLILFDQWFRQFHUQLQWKHGHVLJQDQGRSHUDWLRQRIWKHVHFRPSRQHQWV>@7KLVGDPDJH
PHFKDQLVP PD\ EH WR LQLWLDWH FUDFNV DW FULWLFDO ORFDWLRQV DQG VXEVHTXHQWO\ GHYHORS D SRWHQWLDO ULVN WR VDIH DQG
UHOLDEOHRSHUDWLRQGXULQJVHUYLFH
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&UHHSIDWLJXH FUDFN JURZWK UDWH GDWD DUH QHFHVVDU\ LQSXWV IRU DVVHVVLQJ WKH VWUXFWXUDO LQWHJULW\ RI KLJK
WHPSHUDWXUHFRPSRQHQWV LQSRZHUSODQWV$WSUHVHQW WKHUHDUHVHYHUDONLQGVRIFRGHVRUVWDQGDUGV WRGHYHORS WHVW
PHWKRGVIRUFUHHSIDWLJXHFUDFNJURZWKVXFKDV³,6277$&RGHRISUDFWLFHIRUFUHHSIDWLJXHWHVWLQJRIFUDFNHG
FRPSRQHQWV´ ³&23&RGH RI SUDFWLFH IRU WKHPHDVXUHPHQW DQG DQDO\VLV RI KLJK VWUDLQ FUHHSIDWLJXH VKRUW FUDFN
JURZWK´³$670(H>@6WDQGDUGWHVWPHWKRGIRUFUHHSIDWLJXHFUDFNJURZWKWHVWLQJ´HWF7KH,6277$
 VWDQGDUG LV WR UHFRPPHQG DQG HVWDEOLVK VWDQGDUGL]HG WHFKQLTXHV IRU PHDVXULQJ DQG DQDO\]LQJ &UHHS &UDFN
,QLWLDWLRQ&&,&UHHS&UDFN*URZWK&&*DQG&UHHS)DWLJXH&UDFN*URZWK&)&*FKDUDFWHULVWLFVXVLQJDZLGH
UDQJHRISUHFUDFNHGVWDQGDUGDQGQRQVWDQGDUG³IHDWXUH´JHRPHWULHV7KH&23FRGH LV WRGHWDLO WKHUHTXLUHPHQWV
IRUIDWLJXHDQGFUHHSIDWLJXHVKRUWFUDFNJURZWK&)6&*WHVWLQJJHQHUDOO\RQXQLD[LDOWHVWSLHFHVVXEMHFWWRKLJK
VWUDLQORDGLQJFRQGLWLRQV7KHWHVWSLHFHVDUHQRWRQO\UHVWULFWHGWRF\OLQGULFDOVSHFLPHQVLQ WKLVFRGH7KH$670
( VWDQGDUG LV SULPDULO\ FRQFHUQHG ZLWK WHVWLQJ SUHFUDFNHG FRPSDFW VSHFLPHQV &7 VXEMHFWHG WR XQLD[LDO
WHQVLOH F\FOLF IRUFHV LQ ORDG FRQWURO PRGH WR GHWHUPLQH WKH FUHHS±IDWLJXH FUDFN JURZWK SURSHUWLHV RI QRPLQDOO\
KRPRJHQHRXVPDWHULDOV
$VVHVVPHQW RI WKH VWUXFWXUDO LQWHJULW\ RI FRPSRQHQWV FRQWDLQLQJ GHIHFWV FDQ EHPDGH XVLQJ GLIIHUHQW IUDFWXUH
SDUDPHWHUVFRUUHVSRQGLQJWRGLIIHUHQWIUDFWXUHPHFKDQLVPV7KHVWUHVVLQWHQVLW\IDFWRUKLVDSSOLFDEOHIRUWKHOLQHDU
HODVWLFUDQJH7KHIUDFWXUHSDUDPHWHUCtavgLVZLGHO\XVHGLQSUDFWLFHWRFKDUDFWHUL]HWKHEHKDYLRURIFUHHSIDWLJXH
FUDFNJURZWK LQFUHHSGXFWLOHPDWHULDOVDQGUHJDUGHGDV WKHDSSURSULDWHRQHDPRQJWKHH[LVWLQJKLJK WHPSHUDWXUH
IUDFWXUHSDUDPHWHUV>@
;&U0R:91E1PRGLILHG;&U URWRU VWHHO LV D QHZ W\SH RI IHUULWLF KHDWUHVLVWDQW VWHHOZLWK JRRG
FRPSUHKHQVLYHSHUIRUPDQFH7KLVPDWHULDO LV FRPPRQO\XVHG LQ WKH ODUJHVL]HG URWRUV IRU VXSHUFULWLFDO DQGXOWUD
VXSHUFULWLFDO VWHDP WXUELQH7KH WXUELQH URWRU W\SLFDOO\ RSHUDWH DW KLJK VWHDPSUHVVXUHV DQG WHPSHUDWXUHV XQGHU D
FRPELQDWLRQRIF\FOLF ORDGLQJFRQGLWLRQVZLWK ORQJKROGSHULRGVXQGHUVXVWDLQHGVWUHVV&RQVLGHUDEOHZRUN LQ WKH
ILHOGRIFUHHSFUHHSIDWLJXHFKDUDFWHULVWLFVRIPRGLILHG;&UURWRUVWHHOLQWKHSDVWKDYHDOUHDG\EHHQFDUULHGRXW
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ZKHUHH LVWKHXQLD[LDOVWUDLQUDWHDQGADQGnDUHWKHVWHDG\VWDWHFUHHSFRHIILFLHQWDQGH[SRQHQWUHVSHFWLYHO\7KH
WHQVLOHDQGFUHHSSURSHUWLHVRIPRGLILHG;&UURWRUVWHHODUHVKRZQLQ7DEOH>@
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7KHFRPSDFWWHQVLRQ&7VSHFLPHQVZHUHXVHGLQWKHWHVWSURJUDPDVVKRZQLQ)LJ7KH&7VSHFLPHQLVZLWKD


















7KH FUHHSIDWLJXH FUDFN JURZWK 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 UDWH WHVWV ZHUH FDUULHG RXW E\ XVH RI DQ LPSURYHG &66 KLJK
WHPSHUDWXUHHOHFWULFDFWXDWRUFUHHSWHVWPDFKLQHZKLFKLVSDUWLDOO\EDVHGRQWKH$670(HVWDQGDUG7KH
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7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YDOXHVDFFRUGLQJWRWKH$670(HVWDQGDUG
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7KHILUVWWHUPRQWKHULJKWKDQGVLGHRI(TDFFRXQWVIRUIDWLJXHGHSHQGHQWFUDFNJURZWKUDWHDQGWKHVHFRQGWHUP
UHSUHVHQW WKH WLPHGHSHQGHQW SDUW 7KH IDWLJXHGHSHQGHQW DQG WKH WLPHGHSHQGHQW FUDFN JURZWK UDWHV GXULQJ FUHHS
IDWLJXHFRQGLWLRQVDUHDVVXPHGWREHLQGHSHQGHQWPHFKDQLVPV7KHIDWLJXHGHSHQGHQWFUDFNJURZWKUDWHdadNfatigue
ZDVGHWHUPLQHGIURPIDWLJXHWHVWVDW&ZLWKRXWKROGWLPH
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5HVXOWVDQGGLVFXVVLRQV




































































DJDLQ6XFK WUHQGV DUH FOHDUO\REVHUYHG LQ)LJ  DQG)LJ 7KLV WUDQVLHQW EHKDYLRU LPSOLHV WKDW HYHQ IRU FRQVWDQW
ORDGLQJ IUHTXHQF\ DQG ZDYHIRUP dadN RU dadtavg GRHVQ¶W FRUUHODWH ZLWK 'K 7KHUH DUH VRPH UHDVRQV IRU WKH
SUHVHQFHRIKRRNV*HQHUDOO\FUDFNGHIRUPDWLRQRFFXUVTXLFNO\EXWVORZVGRZQZLWKWLPHDVVWUHVVHVUHOD[DWLRQLQWKH
FUDFNWLSUHJLRQDQGWKHUDWHRIVWUHVVUHOD[DWLRQGHFUHDVHVZLWKWLPH7KDWWKHLQFUHDVLQJLQ'KDQGWKHGHFUHDVLQJLQ
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WKH UDWH RI VWUHVV UHOD[DWLRQ UHVXOWV LQ D WUHQG IRU WKH FUDFN JURZWK UDWH WR GHFUHDVH ILUVWO\ DQG WKHQ LQFUHDVH
VXEVHTXHQWO\ZKLFKGHYHORSVKRRNHGFXUYHVLQWKHdadN RUdadtavgYHUVXVZLWK'KUHODWLRQVKLSV
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UHODWLRQVKLSV /RJDULWKPLF FRRUGLQDWHV ZDV XVHG LQ WKH ILJXUH $V VKRZQ LQ )LJ  WKH FKDUDFWHULVWLF KRRN WUHQG
REVHUYHGLQWKHdadNRUdadtavgYHUVXV'KILJXUHVDUHQRORQJHUSUHVHQWLWLPSOLHVWKHdadtavgGRHVZHOOFRUUHODWH
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 7KH FRUUHODWLRQ EHWZHHQ dadtavg DQG Ctavg ZDV IRXQG WR EH VLJQLILFDQWO\ EHWWHU DQG XQLTXH DQG WKH
FKDUDFWHULVWLFKRRNVGLVDSSHDUHGIURPWKHH[SHULPHQWGDWDWUHQGV

















>@ .% <RRQ $ 6D[HQD 3. /LDZ &KDUDFWHUL]DWLRQ RI FUHHSIDWLJXH FUDFN JURZWK EHKDYLRU XQGHU WUDSH]RLGDO ZDYH VKDSH XVLQJ &W
SDUDPHWHU,QW-)UDFWSS
>@ 6%1DUDVLPKDFKU\$6D[HQD&UDFNJURZWKEHKDYLRURI&Uí0R3VWHHOXQGHUFUHHS±IDWLJXHFRQGLWLRQV,QW-)DWLJXH
SS
>@ '6=KDQJ([SHULPHQWDOVWXG\RI&UVWHHOXQGHUFUHHSIDWLJXHLQWHUDFWLRQ0DVWHUWKHVLV(&8676KDQJKDL
>@ %3DQ5HVHDUFKRQFUHHSFUDFNJURZWKEHKDYLRUDQGFUHHSIUDFWXUHPHFKDQLVPRI;&U0R:91E1VWHHO0DVWHUWKHVLV(&867
6KDQJKDL
>@ ':HL([SHULPHQWDOVWXG\RIFUHHSIDWLJXHFUDFNJURZWKRIWKHPRGLILHG&UVWHDPWXUELQHURWRUVWHHO0DVWHUWKHVLV(&867
6KDQJKDL
>@ -+$/'0LFURVWUXFWXUHDQGORQJWHUPFUHHSSURSHUWLHVRI±&UVWHHOV,QW-3UHVVXUH9HVVHOV3LSLQJ±SS
